Background: Obesity is a major global health problem. Kuwait has a very high prevalence of obesity, and consequently, the number of bariatric surgeries is rising. Objectives: The aim of this study is to analyze the clinical presentation and electrodiagnostic features of peripheral nerve complications following bariatric surgery. Subjects and methods: We retrospectively involved a convenience sample of patients presenting at a tertiary referral center and analyzed the patterns and frequency of peripheral nerve involvement, correlations with operative techniques, perioperative complications, nutritional status, possible risk factors, and functional impairment.
Introduction
Obesity has reached epidemic proportions in recent decades, becoming a major global health problem through its negative impact on morbidity, mortality, quality of life, and related healthcare costs [1, 2] . Its prevalence in the Arabian Gulf countries is very high. Kuwait is reportedly the fourth "fattest" country in the world with prevalence rates of obesity up to 45.3% [3] .
Bariatric surgery (BS) has proven effective for sustained weight loss and superior to non-surgical obesity treatments [4, 5] . It reduces food intake, alters the route of food absorption, and modulates metabolism [6] . BS is recommended in morbidly obese patients by national and international guidelines [5] . The number of bariatric procedures has soared over the last decade; in Kuwait, 6682 bariatric surgeries were performed in 2012, which is the highest number as the percentage of the population in the world [7] .
BS procedures have been perfected and are associated with low morbidity and mortality [8] . Still, BS is not free from complications caused by malnutrition, micronutrient deficiencies, and loss of the protective fat tissue pad [9, 10] . They may involve any part of the nervous system, including the peripheral division [10, 11] . The aim of our study is to analyze peripheral neuropathies complicating BS in a cohort of Kuwaiti patients.
Subjects and methods
We performed a retrospective analysis of a convenience series of 58 post-bariatric surgery patients who were referred between May 2014 and April 2015 with a clinical diagnosis of peripheral nerve disorder to the neurophysiology unit of a tertiary care hospital in Kuwait.
An informed written formal consent to participate in the study was obtained from every patient. Patients with a history predating their surgery and patients referred for generalized neuropathy, presenting with a well-documented cause of peripheral neuropathy (as long-term diabetes, alcoholism, and toxin exposure), were not included in the study.
Data were anonymously extracted from patients' records, including demographic data: history directed at the amount and rate of weight loss, gastrointestinal disturbances after surgery (vomiting, abdominal pain), compliance with nutritional supplement intake, and specific complaints related to peripheral nerve involvement. Results of detailed neurological examination, results of comprehensive motor and sensory nerve conduction study (NCS), sympathetic skin responses, and blood levels of vitamins were tabulated. Thiamine was assessed by measuring erythrocyte transketolase (thiamine deficiency is defined as blood thiamine lower than 74 nmol/ l), serum level of vitamin B 12 (B 12 deficiency is defined as serum B 12 lower than 150 pg/ml), folate (folate deficiency is defined as serum folic acid lower than 1.8 ng/ ml), vitamin D (vitamin D deficiency is defined as serum level of 25-hydroxycholecalciferol lower than 20 ng/ml), and copper were investigated. EMG was carried out whenever the clinical presentation is that of a muscle disease or to detect radicular affection as most of the cases with root affection have normal motor and sensory NCS especially early in the course of the disease. CTS was diagnosed according to the guidelines and practice parameters by Jablecki and colleagues [12] .
The functional status of the patients was assessed using the modified Rankin Scale for Neurologic Disabilities [13] . While such a scale is not designed specifically for use in peripheral nerve pathology, it provides an excellent tool for overall disability and we considered it best for our non-homogeneous patient cohort.
NCS (using Deymed, TrueTrace, Czech Republic) were performed by the same qualified technologists under the supervision of a clinical neurophysiology specialist according to standard techniques [14] . The median, ulnar, peroneal, tibial, and sural nerves were routinely studied, with temperature maintained over 33°C in the hands and over 30°C at the malleoli. Where necessary, needle EMG was performed.
The final diagnosis rested on the consensus between a neurologist and a clinical neurophysiologist among the authors after discussing the clinical, laboratory, and electrodiagnostic findings in each case.
The study was descriptive and approved by the institutional ethical committee. Statistical analysis was performed using Statgraphics © Online. Descriptive statistics, ANOVA for continuous data, and Fisher exact probability test for non-parametric variables, at accepted level of significance P < 0.05.
Results
Our series included 58 patients, 33 (56.8 %) were female and 25 (43.2%) were male. Their age ranged from 19 to 52 years (median age of 32 years). The weight loss ranged from 25 to 93 kg (mean value 47.8 ± 17.2 kg) over a period from 3 to 60 months (median period of 16 months). The onset of symptoms was between 4 and 52 months after BS (median interval of 20 months). The pattern of peripheral nervous system affection included 35 patients with generalized neuropathy, 22 patients with mononeuropathy, and 1 patient with lumbar plexopathy. The nosological distribution, demographic profile, and details on the pattern of weight loss are presented in Table 1 .
Weight loss had a tendency to be more rapid in generalized neuropathy cases, but this was not statistically significant. The majority of patients with generalized neuropathy presented with chronic distal symmetrical sensory predominant neuropathy (23 cases). Sensory complaints (pain, paraesthesia) followed by objective sensory loss, areflexia, and gradually progressive weakness were typical in this group, while weakness in the feet and legs as an initial symptom was reported only in 3 patients.
At the time of diagnosis, only 7 patients had significant weakness in the lower leg and 7 had preserved reflexes. Only 3 patients had sensory symptoms in the arms.
Electrodiagnostic assessment confirmed distal axonal neuropathy in all patients. In 10 patients, we observed isolated small fiber neuropathy ("burning feet syndrome") without objective findings on clinical examination and routine NCS; in 6 of them, the sympathetic skin responses were absent.
Two cases of acute sensorimotor neuropathy with weakness involving also the thighs and upper limbs were observed in a 40-year-old patient (6 months after the surgery, prominent vomiting, drastic weight loss of 60 kg over 6 months, and poor compliance with prescribed nutritional supplementation). The other case was 24-yearold female patient came with a picture of Wernicke encephalopathy associated with sensorimotor neuropathy 8 months after the surgery, and she did not receive any nutritional supplement after the operation; also, she developed persistent vomiting due to gastric issue.
Neurophysiology was compatible with generalized axonal motor-sensory neuropathy. These two patients recovered gradually and incompletely. Among mononeuropathies, cases of carpal tunnel syndrome (CTS) had mostly insidious (five patients) or subacute (five patients) course.
Patients with ulnar neuropathy at the elbow presented subacutely. Cases of peroneal compression and meralgia paraesthetica presented with acute onset of the corresponding individual peripheral nerve syndrome.
The patient with lumbar plexopathy had a typical unilateral presentation with severe pain in the thigh and hip, sensory loss along the anterior aspect of the thigh and shin, wasting in the thigh muscles, lost patellar reflex, and widespread denervation on needle EMG study.
The nutritional status of the patients was unsatisfactory. By history, only 12 patients (20.6%) were compliant with nutritional supplement intake, while 29 (50%) took it rarely and another 17 (29.3%) neglected treatment at all. Vitamin D deficiency (defined as serum level of 25-hydroxycholecalciferol lower than 20 ng/ml) was present in 40 patients (69%), thiamine deficiency (defined as blood thiamine lower than 74 nmol/l) in 32 (55%), vitamin B 12 deficiency (defined as serum B 12 lower than 150 pg/ml) in 22 (38%), and folate deficiency (defined as serum level below 1.8 ng/ml) in 12 (20.6%). Copper level was normal in all screened patients. The distribution of patients by diagnoses compared with nutritional status is presented in Table 2 . No significant difference between the polyneuropathy and mononeuropathy patients regarding their nutrition compliance with treatment could be established.
Measurement of whole blood thiamine by erythrocyte transketolase activity showed significant difference between the polyneuropathy (85 ± 14 nmol/l) and mononeuropathy (110 ± 21 nmol/l) patients (P < 0.05). Also, serum level of vitamin B 12 showed nearly the same significant difference between the polyneuropathy (220 ± 37 pg/ml) and mononeuropathy (325 ± 54 pg/ml), this difference is illustrated in Fig. 1 . There was no statistically significant difference between the mono-and polyneuropathy groups regarding vitamin D and folate.
The impact of peripheral nerve complications on the functional status of our patients is summarized in Table 3 . While some of the complications in our patients are apparently mild, a significant number were disabling either through weakness (advanced generalized neuropathy, bilateral foot drop, severe unilateral foot drop) or through neuropathic pain syndrome (small fiber neuropathy, cases of sensory neuropathy, cases of carpal tunnel syndrome). The inability to drive safely or to drive at all was a major factor for higher disability, as driving independently is the major means of transportation in Kuwait.
Discussion
We observed various patterns of peripheral nerve complications following BS in our cohort. Micronutrient deficiencies and non-compliance with treatment were quite frequent in our patients. However, nutritional deficiencies after BS seem not the only preventable factor leading to peripheral neuropathies. We recognize a number of weaknesses in our study. It is retrospective and not controlled so that conclusions regarding the risk factors or possible correlates of the peripheral nerve disorders observed are less reliable or impossible. Nevertheless, we believe our observations make a positive contribution to the knowledge of different post-bariatric peripheral nerve complications that may be better discussed separately.
Generalized neuropathy was observed in 35 of our patients, 23 of whom developed chronic distal symmetrical polyneuropathy. It was purely sensory or sensory predominant but tended to progress and involve the motor function. Our findings coincide with previous descriptions of this most common post-bariatric distal chronic neuropathy [10, 11, 15, 16] . Acute axonal radiculoneuropathies or neuropathies with prominent weakness have also been reported [15] [16] [17] . We encountered 2 patients with acute axonal sensorimotor neuropathy. Such cases may represent either an early [17] or a late [18] complication of BS, often combined with Wernicke's encephalopathy [19] . As these generalized neuropathies seem mostly due to thiamine deficiency resulting from malabsorption and postoperative vomiting [15, 20] , postoperative care for patients with refractory vomiting should be very close, with adequate thiamine replacement.
Small fiber painful presentation ("burning feet" that in some patients evolved into distal neuropathic pain syndrome in all extremities) was seen in 10 cases. Small fiber neuropathy seems relatively frequent in our series, but other authors have also turned the attention to this variety that may be responsive to thiamine [15, 21, 22] . Early pain control is also necessary to prevent the development of chronic neuropathic pain. Patients with various isolated mononeuropathies have been described after BS [10, 11, 15] . Some lesions were directly related to compression or stretch during surgery [22] , a pattern that we did not observe.
CTS was the most frequent mononeuropathy in a large controlled cohort study [11] and also in our patients (10 out of 22). The causal relation between weight Fig. 1 The difference between whole blood thiamine and Vitamin \ serum levels in polyneuropathy and mononeuropathy patients 
loss and CTS is difficult to understand. Obesity is in fact a risk factor for CTS, so mechanical rather than metabolic factors may be at play [11] . Peroneal and ulnar nerve involvement at the predilection sites seems easier to explain after weight loss, as the reduction of protective subcutaneous fat together with increased nerve vulnerability in malnutrition results in easier development of compression [20, 23, 24] . We observed 2 patients with bilateral peroneal palsy among 22 mononeuropathies, while the literature reports on bilateral peroneal palsy after BS are few [25, 26] . Unilateral peroneal neuropathy was also frequent in our patients (5 out of 58 cases) while described in only 2 patients among 71 in a previous series [11] . This higher occurrence of peroneal palsy in our patients is likely due to cultural differences. In Asia, squatting or sitting "taylor" style with legs crossed is quite common, causing peroneal nerve compromise [27] . Peroneal palsy, especially bilateral, is disabling [28] while entirely preventable by avoiding the offending postures. The same considerations are valid in cases of ulnar nerve compression, of which we observed 4 cases. We observed a single case of meralgia paraesthetica while others have described this complication far more frequently [29] , mostly as an early complication related to intraoperative trauma of the nerve. A single case of lumbar plexopathy was observed. In other series, this complication was more frequent [11] . This entity is presumably autoimmune or inflammatory, and the direct relation to BS seems elusive [20] . In our study, there are two patterns of neurological complications after bariatric surgery, generalized polyneuropathy that can be explained by malabsorption and prolonged vomiting that leads to neurologic dysfunction in different levels of the neuraxis. This mechanism explains why whole blood level of thiamine and serum level of vitamin B 12 are more affected in these patients than mononeuropathy patients that their pathology can be explained by rapid weight loss that may make the nerves more susceptible to compression through loss of subcutaneous tissue, loss of protective fat pads, or structural changes. Sometimes, injury from mechanical retractors, patients' malpositioning, and use of radial or ulnar catheter at the wrist during surgery may participate in immediate complications after BS [11] .
Our data indicate that poor nutritional status and non-compliance with treatment in patients with postbariatric neuropathy are quite frequent. The study is not controlled and does not allow us to indicate particular factors, but this clustering of malnutrition among cases of peripheral complications is well-described and likely multifactorial (malabsorption, vomiting, rapid weight loss, poor compliance) [11, 15, 20] . While some peripheral complications of BS are mild, others may be disabling and irreversible [20, 30] . Our brief assessment of patients' functional status turns attention to such cases (sensorimotor neuropathy, foot drop, or severe neuropathic pain in poly-or mononeuropathies) and underlines the need for prevention through close perioperative care, regular follow-up, adequate supplementation, and educating the patients to avoid habitual postures causing nerve compression.
Conclusions
Peripheral nerve complications after BS may be classified into generalized neuropathies (chronic axonal distal symmetric sensory or sensorimotor neuropathy, acute polyradiculoneuropathy, and small fiber neuropathy), mononeuropathies, and plexopathy. These complications may overlap in the same person either by chance or by common causal factors. The clinical picture of every individual patient or similar group of patients will differ according to the relative frequency of individual complications and their correlation with nutritional deficits, local compression, and possible inflammatory factors. Prevention is possible and essential to avoid peripheral nerve complications of BS.
The current study has faced certain limitation related to its nature, being a descriptive retrospective analysis. One of these limitations is that we cannot precisely estimate the rate of weight loss as well as the actual compliance to vitamin supplement. Another limitation is the small number of cases which limits the statistical power of analysis. The correlation between the type of neuropathy and the clinical variable could be found to be significant in a larger group of study. 
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